MATERIALS AND METHODS.
Viruses. Eastern equine encephalitis (EEE) virus (CDC strain SC 7), received as a 20% chickembryo suspension from the Communicable Disease Center, Montgomery, Ala., was used after two passages in chick embryos in this laboratory. Other viruses used were Venezuelan equine encephalitis (VEE) virus, Trinidad strain (Hardy, 1959), attenuated VEE virus, 9t (Hearn, 1961), and western equine encephalitis (WEE) virus, Rockefeller strain, -btained from U.S. Army Medical School as a 10% suspension of fourth mouse brain passage. DEAE dextran. DEAE dextran was obtained from Pharmacia Laboratories, Uppsala, Sweden. The preparation used in these experiments had been prepared from dextran with a molecular weight of approximately 2 X 10*. A 1% stock solution of DEAE dextran in water was autoclaved for 10 min at 121 C and stored at 4 C. Sodium dextran sulfate (A'aÜS). NaDS was also »btained from Pharmacia Laboratories, Uppsala, Sweden. The preparation used in these experiments was NaDS 2000, which contained 15 to 18% sulfur and had been prepared from dextran with a molecular weight of approximately 2 X 10*.
Preparation of extract from agar. The extract was prepared by the method described by Takemoto and Liebhaber (1961), modified only by eliminating a final ethyl alcohol precipitation after Axmy of rirm infectivity. Infectivity of virus samples was determined by plaque formation in primary chick-fibroblast (CF) monolayers grown in 60-mm plastic petri dishes. The virus, appropriated diluted in beef heart infusion broth (BHIB), was pipetted in 0.1-ml volumes onto the monolayer cultures that had been washed once with saline A (Puck, Cieciura, and Fisher, 1957;. After 20 min adsorption at 25 C, the excess inoculum was removed and the monolayers were overlaid with nutrient igar. Plates were incubated at 37 C in a humidified atmosphere of 96% air and 4% CO». The details of the procedure have been described by Colon and Idoine (1964).
Unless otherwise described, when assays were performed on cultures that had been treated with AP or NaDS, the monolayers were washed two times with saline A before being inoculated with virus and then were washed once again after removal of excess inoculum.
Preparation of lactalbumin hydrolymte growth medium, (irowth medium for CF monolayers consisted of 0.5% lactalbumin hydrolysate, 10% calf serum, 0.075% sodium bicarbonate, and 0.002% phenol red in Hanks' balanced salt solution (8SS). The medium was sterilised by filtration through an asbestos pad in a Seit* apparatus. Antibiotics were added to the medium before use to give a final concentration of 0.250 mg/ml of dihydrostreptomycin sulfate and 125 units per ml of sodium penicillin O.
Viral growth experiment*. Experiments on the effect of AP on viral growth were performed on CF monolayer cultures such as those used for assay of infectivity. After excess inoculum had been removed, the monolayers were washed once with saline A, and each culture received 5 ml of lactalbumin hydrolysate growth medium containing the given concent rat ions of AP. Viral growth was dc termined by plaque assay of samples of the supernatant growth medium, each sample consisting of the supernatant fluid from one culture.
Pratvdure for inaetivation studies. Stock preparation« of virus originating from chick embryo or tissue culture were suspended in BHIB to a concentration of approximately UP plaque-forming unts (PFU) per ml and then diluted 10-fold in the appropriate aqueous solutions of AP with a final pH of 7.4. After timed intervals of incubation, samples were diluted in BHIB and assayed immediately for infectivity.
Hemagglutination test*. Hetnagglutination tests were conducted in microplatea, by use of aerologies! procedures similar to those described by Clarke and Casals ( virus prepared in borate saline (pH 9J0) containing 0.1% human albumin were used to determine the titer. The indicator system of 0.14% goose red blood cells in phosphate-buffered saline was added in a volume equal to that of the diluted antigen; the test material, at a final pH of 6.35, was incubated at 37 C until the cells settled.
RESULTS
Effect of AP on viral growth. Monolayers of CF cells inoculated with WEE virus at a multiplicity of 0.0001 were incubated at 37 C under growth medium containing 0.6 mg of AP per ml. At selected intervals, the supernatant fluid was assayed for content of virus (Fig. 1) . Only a .small difference between culture« with and without AP was observed in the amount of WEE vira« released during the first cycle of growth. However, a marked inhibition of further virus production was observed in the monolayers with the medium containing AP. Thus, it appeared that, after the virus was inside a cell, the first cycle of growth was not inhibited. Similar results were obtained when the effect of AP on growth of EEE virus was studied in the same system. The infectivity of the intrazellular virus in the EEE-infected cultures was examined also by assaying homogenste* of washed monolayers, and it was found to be very similar whether or not AP had been present in the cultures. respectively, but the corresponding intracellul&r titere were both 10»« PFU per ml. After 24 hr, supernatant fluids contained 10*-* and 10*-* PFU/ml, respectively; the corresponding intracelluler titers were 10»' and 10** PFU/tn*.
Prevention of growth inhibition with DEAE dextran. The effect of DEAE dextran on the inhibitory activity of AP was studied in monolayer cultures infected with EEE virus at a multiplicity of 0.00005. The infected cultures were incubated for various lengths of time with growth medium containing AP (0.4 mg/ml) or AP plus DEAE dextran (0.1 mg/ml). tion at sero time and after 1 hr at 37 C. Table 1 shows the results of a typical experiment with EEE virus. Incubation of EEE virus with AP resulted in a 2-log decrease in titer in 1 hr with the lowest concentration of AP tested (0.5 mg/ ml). At higher concentrations of AP (1.0 to 2.5 mg/ml), 99.90% reduction of PFU was observed with EEE virus. There was no significant reduction in titer at aero time with the concentrations of AP tested. Similar experiments with VEE (Trinidad) virus revealed that no significant inaetivation resulted after 1 hr of incubation at 37 C with 2.5 mg/ml of AP. The VEE virus strain (9t) was, however, inactivated byAP.
Effect ofpHon AP-viru» interaction. A suspension of EEE virus in BHIB (10* PFU/ml) was diluted 1:10 in Mcllvaine or borate buffers of the desired pH containing 0.73 mg/ml of AP. The snmpies were incubated for 1 hr at 37 C, and then were diluted immediately in BHIB and assayed in CF nunotayers. The data in Other facton affecting AP-virut interaction. The inhibitory activity of AP was antagonised by added protein or by phosphate. The data in Table 4 show that when phosphate buffer or bovine plasma albumin (BPA) was present, there was little or no inhibitory effect by AP. The inhibition byAP was greatest when the BPA concentration was the lowest. In these experiments, pH was maintained at 7.6 with Michaelis buffer, which had no adverse effect on the virus or the inhibitory activity of AP. The addition of calf serum in place of BPA had the same effect as BPA in antagonising the inhibitory effect of AP. It is important to note that, when serum, BPA, or phosphate was present, tin inhibitory effect of AP could be reversed, in part, by dilution. Thus, AP-virus interaction appears to be partly reversible in the presence of protein. It is probable that the lack of reversibility of inhibition by AP upon dilution is due to the lower concentration of protein present in the 10% BHIB used in our experiments.
Effect of AP on ttetnaggiutituttian. The bemag- Interaction between AP and CF cells. Groups of monolayer cultures were treated with AP (O.G mg/ml) in growth medium for 1 hr at 37 C. One group of monolayers was then washed three times with saline A; another, twice with DEAE dextran (0.10 mg/ml) and once with saline A; and a third group, twice with protamine sulfate (salmine, 0.10 mg/ml) and once with saline A. After infection with EEE virus, the monolayers were washed once more with saline A and incubated at 37 C with 5 ml of growth medium. Suppression of growth where AP had been used was clearly evident from the lower titers obtained from su|ierna-tant fluid at 6 and 10 hr after virus infection (Table 5) . Where AP was ueed, the intracellular virus titers were also significantly lower (10 and 40«;i of control titers at 6 and 10 hr, respectively), indicating that adsorption or jienetration, or both, by the virus had been inhibited.
To establish the inhibition of EEE virus adsorption by the AP, monolayer cultures were treated with different concentrations of AP in growth medium for 1 hr at 37 C, washed three times with saline A, and inoculated with a known number of PFU of EEE virus. Table 6 f XaDS samples were treated as controls except that 0.20 mg/ml of NaDS was contained in the growth medium.
Effect of XaDS on infectmty of virus.
Attempts by other workers to characteriie the o inhibitory activity of a sulfated polysaccharide from agar on other virus groups by analog}* with inhibition by other sulfated polysaccharides (Liebhaber and Takemoto, 1983) led us to study the inhibitory activity of XaDS on the equine encephalitis viruses in the systems that had been investigated with AP. To study the effect on growth, CF monolayer cultures were infected with 10* PFU of EEE virus and incubated with growth medium containing 0.20 mg/ml of NaDS Yields of virus in supernatant fluid at 24 hr were 98% less in the presence of NaDS than those produced in control cultures. Results of this and related experiments (Table 8) show similar inhibition of WEE and VEE (9t; AP-sensitive) but no significant reduction of growth for VEE (Trinidad; AP-resistant) virus.
Effect of NaDS on free virus. EEE or VEE virus was incubated at 37 C in aqueous -wlutions containing 1.0 mg/ml of NaDS. At aero time of incubation, no inhibition was observed with either virus by plaque assay. After 60 mi«, the samples containing EEE virus showed 90 to 99% inhibition of infectivity in the presence of NaDS, but no inhibition was observed in samples of VEE (Trinidad) virus. NaDS caused reduction of EEE virus titer during 3.5 hr of incubation; significant inhibition of this virus was observed with as little a» 1 hr of incubation with 0.016 mg/ml of NaDS. No significant reversal of inhibition on dilution of samples in BHIB was observed.
Effect of NaDS on celt» of CF monolayers. Monolayer cultures were treated for 2 min with 0.20 mg/ml of NaDS (2 ml per plate) and then washed twice with saline A. Cultures were then used for plaque assay of two dilutions each of J. B.VCTKRIOL. EEE, VEE Trinidad, or VEE 9t virus. Treated and untreated monolayers showed no significant difference in plaque count or siie when compared with plaques of control cultures for any of the viruses studied. This was interpreted to mean that, although NaDS had inhibiting activity analogous to AP, the effect on the cells was different in that NaDS was easily washed off the cells whereas AP was not (see Table 5 ). Direct interaction of NaDS with particles of AP-sensitive equine encephalitis virus strains was shown to be similar to that observed with AP and virus. The similarity between AP and NaDS with respect to the effect on virus was demonstrated in experiments in which plaque formation was inhibited when virus had been incubated with either polysaccharide for various lengths of time at 37 C. With respect to the effect on CF cells, monolayers treated with NaDS and then washed only two times with saline A before inoculation with virus showed no effect on the AP-or NaDS-sensitive viruses studied, but monolayers treated with AP retained fie inhibitory effect of AP even after 10 washings. The possibility has been considered that at least two different polysaccharides could be present in the AP preparation-one that interacts with virus particles and another that reacts with the host cells. Although AP ha» been aepar&led into two fractions by paper chromatography, inhibitory activity with either fraction has not been demonstrated.
The data reported here support the conclusions of Liebhaber and Takemoto (1983) that the inhibitory effect of certain sulfated polysaccharides is related to interaction of these polyanions with oppositely charged sites on the APsensitive viruses, and that differences in the inhibitory response by various strains of vt-us may be related to differences in the surface ot the respective viruses. Results demonstrating that AP-treated cells produced fewer plaques than untreated cells and that intrazellular virus production proceeded normally when AP was introduced after adsorption support the proposal by
